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ABST RACT OF TJl li ulSCLPStlUF. 
Atj ulectrode device Tor electrically healing underground 
deposits of hydrocarbons such as oil -sand or oil s-hnlo. Plural 
well pipe sections are Joined through i.nr.ul ated pipe joints with 
an electrode connected through one of the zTi.sulat.Ed pipe joxntr. 
to a lower one of Uur pipe sections. Each of the insulated plpo 
joints includes a first tubular member having a flange portion 
At oud ftnd tfiCTKof, p second tubular member having a tap portion, 
at one end ifhich is received in the Hango portion of the first 
tubular member with a gap therebetween, and an insula Una member' 
tfispasod in the gpp ior hermetically coupling the fi-rst and 
second tubular members 2tkd for G.loctricA'J.lly insulating first 
and second toibuler members J; rem ono another. 



nLiftCTaoOE DEVICE FOR KJjKCTRICALLY HEAT TNG 
UNJHsUURDlJTO DEPOSITS OF HYDROCAU&CWS 

BACKCKQUKD OF THE INVENTION 
The present lnvantioR relates to an electric device 
used to electrically heat underground deposits of hydrocarbons. 
More specifically, the present invention relates to an electrode 
5 dovice which is ussd to supply electrical power to underground 
deposit thereby to heat the hydrocarbons present, in the deposit 
to cause them to have a Sower viscosity and higher fluidity in order 
to more easily remove there from the yelJ . 

Tho term "hydrocarbmis" &s used hereinafter means 
10 • petroleum or oil, bitumen contained in oil sand [also called 

"tar SATid 11 ) and kerogen contained in oil shale , These will all 
be referred to as "oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity, it is possible to extract the oil through the well 
15 eithar by gas pressure coexisting in the oil layer or by forcing 
a liquid such as brine into one well to forco the* oil to flow 
out of another well. Howaver, should the underground oil havo 
low fluidity, it cannot be- extracted until the oil is made mora 
"fluid. A general method of making the oil fluid is to heat the 
ZD oil thereby to lower the viscosity of the oil. The temperature 
suitable for this is different for different types- of oil. 

There have hcen proposed as oil layer heating methods 

t ■ 



the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
S be burned, and the .use of explosives. The last two methods are 
difficult to control. SQ that thoy are not in gonoral 'ufo. 

According to the method of injecting the hot water or 
water vapor at a high tamper a turo and under a high pressure , 
the oil layer is heated to enhance the fluidity of tho oil to 

10 ' cause the fluid oil to flow out to the ground surface. If, how- 
ever, some regions of the oil deposit have a low resistance to - 
the flow of hot water or water vapors or there are voids in the 
oil layer , the* water or vapors may colloct In these regions and 
fail to diffuse throughout the whole layer. Moreover 7 if the 

15 oil layer is solid and dense w the hot vater or it»s vapors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical powor is perfunu&d 
by drilling a plurality of wolls in tho oil layer and "by establish- 
ing potential differences b&tween electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to the 
electrical current which flows therethrough* Thi±s technique is 
advantageous in that the oil layer can be vholly haatad with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil* 

25 For improving the oil producing efficiency, there has 
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further been proposed a nivthod v/hich includes a first Step of 
beating the oil lay or by electrical resistance heating and a step 
of injecting hot water or water vapors at a high te/nperature and 
under a high pressure when the gij layer becomes soft while con- 

5 tinning the heatirfg sd that the resultant fluid ait may Hi? pumped 
out. In order to efficiently heat the oil layer k tho &l.BctroOe 
device must be sufficiently electrically Insulated that the leak- 
age of electrically current into underground portions other than 
the oil la/ax ts avoided as much as possible. Tha Blectvorte de- 

10 vitiLi 5..S also required to be anbreiikable with respect to the under- 
ground soil pressure, the pressure of th» vapors which are gener- 
ated by the heating operation, arid the pressure of injecled hot 
water or hot high pressure- water vapors. The electrode doyic« 
is further required to be free from leakage of hot v'ater or hot 

J,5 high pressure water vapor £ . 

in order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil sand will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between ' 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially exposed in a valley or at the banks of 
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1 a river bat most o£tcn located entirely undexyronnd at a 

depth, of 200 to 500 its having a thickness of several tens 

of; .meters, inie to consiflftratira of fconou^ amd enviroiowuitai pro- 
tection, it is necessary to separate out the oil underground and 
to extract only the oil fronj the vroll. Moreover, since the 
extraction of ol). from a shallow underground layer is accompanied 
by a danger oil subsidence, it is desirable to extract oil only 
frrom underground layers 3 y trig deeper than 300 )U- 

Further aspects of the background o± the Invention and 

10 the invention O.f the present application are described wi Uh 
the assistance of the accompanying drawings in* which t 

i-lg* l is ^ schematic sectional view showing a 
convent ional prior art installation of the general type with 
vrhich the invention is utilised r 

ITlg* 2 is a cross -sectional, view of an insulated pipe 

}oint of the* invention; 

Fig. 3 is a oross-seotional view showing several joined 
pipe sections, an electrode and insulated pipe jo*nf.s in accordance 
with the invention r and 
20 Pigs. 4-7 are a" series of cross- sectional viens 

illustrating the use Of insulating coating* in accordance with 

the invention - 

Fig. 1 illxisrrateis the" heating oZ an oil fcand layer, 
by electrodes couplud to a power supply, in Pig* 1, reference 
numerala 1 hnd 11 indicate inain guide pipef> made of steel, 2 
and* 12 indicate insulators 3olned to the main guide pipes 1 arid 

11, 3 and 13 indicate electrodes joined to the insulators 2 and 

12, perforations are formed in -the electrodes 3 and 13, ana 4 and 
14 indicate cables ror feeding an electric current to the ele- 

30 cti-odas 3 and 11. ibis assembly is hereinafter called together the 
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v elect rode device". Rcferepc^p numeral S indicator a power 
aftui'OC, 6 iudxcatftf? an oil S£ji\d leyer , 7 indicate tax) electric 
currusit flowing between the elc-r-trodp_R 3 and 3.3, B indicates the 
ground surface, 9 indicates an overburden layer,, and 10 in- 
dicates a .Layer below the nil scmtl layer. 

When a voltage is a^pli.ed to the electrodes 3 and 
13 which arc buried in the oil Rand layc>r 6 from the power 
scmrce 5 through the cables 4 and 1<1, tho currant 7 floWO .in 
accordance with the electric rco I s Unncft of the oil sand layer 
6 as a result 



of v/hlch the oil sand layer 6 is heated by Joule, or resistant 
heating. Although, the cuirejit 7 paztSally flows into the over- 
burden layer & and the layer 10, the leakage is maintained at a 
low level because the insulators 2 and 12 are Interposed between 
the main guido pipes 1 and 11 and tho electrodes $ and IS. After 
the oil sand layer 6 has teen wermed, the power supply is inter- 
rupted. Hot water or water vapors- at a high temperature under 
a high pressure are then forced from the upper inlet of 6ne main 
guide pipe l of the electrode device and flovj through the oil 
sand layer 6 until they come out of the other main guide pipe ■ 
11 carrying the oil, Tn order to improvD the flow rates of the 
hot water or the hot pressure- water vapors, perflations are 
forrfi&d in the electrodes S and 13. 

Since the upper portions of the insulators Z and 12 
are connected to tne main guide pl^e-s 1 and 11 and the lover 
portions are connected with tha electrodes 1 and 13 f a down- 
ward tensile stress is always applied to the insulators. More- 
over » since ths assembly can be at a temps rat lire as hi^h as 
2S0*t: to SOO^C, the insulators should bo ahle to withstand such 
temperatures. Also, since the insulators 2 and 12 are buried 
underground as deep as several hundred meters with the electrodes 
S and 13 suspended from their lover ends with the upper ends 
thereof connected to the main guide pipes I and 12 , the insulators 
1 and 12 will almost certainly contact or collide with the well 
walls whilo they are lowered into the well. Because of the 



graat total weight, any slight contact will impose a hi^h Mecha- 
nical impact upon the insulators 2 and 12, There Tore ^ the 
insulators 2 aad 12 stc required to be able to withstand anticipated 
Levels of mechanical impact. 

5 In an electrode device which heats an oil sand layer 

when it is supplied with an el»ctric current, a major problem is 
that the olcctrit resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions , they oimOL pc-ncraily 

10 be precisely stated. Hawovor, avorage values are ].Dl>ft-m For 

the oil sand lay or and iflfl'l&oa-m ior the overburden layer. As a 
result, if an electric current is supplied to two electrode devices, 
which are constructed by connecting electrodes to guide pipes made 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, TClO-S* of the current will he consumed in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes with an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

2u which satisfy the aforetae tniosied requirements. In one such 
attempt, flanged tubular members made of me-tal arB coatod with 
an organic tesin which provides a high resistance tg heat* An 
apjiTUpriatc Material is polytetraf luoroethylene resin (faT example 
"Teflon™" -which i£ trade name of du Pont) . With this 

25 construction, insulating mombors are provided which are 

satisfactory in their ability to withstand a suspending load 

- 6 - 
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find mechanics t Impact forces. However, it Tm.s proved quite diffi- 
cult to coat the flanks pnTtions satisfactory with the insulat- 
ing mate rial. Mnr&over, even if satisfactory insulating char- 
actevistics. arc provided at ruojii tonuperature, the insulating 
5 costing has a tendency to separata, especially around the flange 
portions * duo to repeated thernml expansion and contraction 
such as is typically cncow\tered in normal operating conditions. 
If the insulation coating is brolcon or caused to flake off, the 
insulators thus produced become useless, 

10 Tn a second attempt , porcelain iiiatoiisl has been used 

for forming the insulators , However, it is c*lso necessary in 
Constructing the insulators to take into account the requirement 
foi providing water and oil tight characteristics vith respect 
to the connection between the main guide pipes 1 and J.l and the 

IS oloctrodes 3 and 13 as veil as between the insulating member. 
Tho connection ha3 generally been made by shrink fitting metal 
pipes on the outer peripheral surface of tht* porcelain pipe and 
then connected with other metal pipes ordinary techniqu&s such 
as voiding or attachment with holts. With this construction, 

20 although the wall or oil ti^ht characteristics may bo acceptable 
at room temperature, the strength of the shrink- fitted joints 
tends to drop as the temperature is increased so that the abi- 
lity to support the suspended load is correspondingly lowered, 
MoreovbT r breakage of the porcelain may taken place as a result 

25 of the stress imposed upon the leading end portions of the shrink- 
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fitted ar^as. Jfn order to eliminate such drawbacks, there has 
beer* proposed thy use oi' a porcelain pipe having ends formed 
as flange portions with the flanga portions fastened to juctul 
pipes with packing interposed between the contact surfaces. 
5 With this construction > the above- stated requirements 3 re met 
at room temperature. However T the water and oil tight scaling 
tends to deteriorate upon repeated thermal expansion and con- 
traction. Moreover, porcelain intrinsically lacks strength 
against mechanical impact farces. Thus, it has a high tendency 

10 to be broken by it mechanical impact force such as is ordinarily 
encountered while f.he> assembly is lowered through t.h& well. 
Thus, the provision of a porcelain insulator suffers from the 
unavoidable defect that there is a high tendency of breakage. 

Vet .curthe-r, insulators foimod of organic polymeric 

IS compounds have been proposed. Although sxich compounds may have 
a high strength at room temperature and a.T© quite good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant. Spaci f i tally, very few compounds 
of this. type are kuown which are resistant to hot vat ox or vatcr 
vapor at high temperature and under high pressure* 
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SUMMARY OF Tite JNVE N T10» 
In accordance tfith tho invention, there is provided 
an elactrode device fnv electri cal ly heating uncle xg round deposits 
of hydrocarbons including a plurality of well pipe sections y 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons J?or supplying on electric current to The under- 
ground deposits, a plurality of insulating pipn joints exch 
Including u first tabular member having a flange portion at one 
end thereof, 3 second tubular member having a cop portion at 

10 one end thereof adapted to be received in the flango portion 

of the first tubular mgrnboT with a gap therebetween and an in* 
5ulatiii£ member disposed in the gap between the flange poTtion 
and the cap portion for hermetically coupling the first and 
second -tubular members while a l&c trie ally insulating them from 

IS One another and witH the insulating pipe- >oint.s being us art to 

couple at least some of the pip** sections together and the eJec 
trade to ane of the pips sections, and a cable connected to tho 
electrode tor supplying an electric current thereto. 

At least SOflte Of tho insulating pipa joints can bo 

20 interconnected. The insulating member of each of the insuiated 
pipe joints includes a first insulating portion disposed in the 
£dp bettfeou the flanfcc portion in the Cap portion and second 
ins\Oating portions disposed adjacent inner and outer surfaces 
of the tubular members with the first and second insulating por- 

25 tions being formed integrally with each other. Preferably, the 
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insula bing member of each of thp. iii&iiLattid pipe .joicita iv Jimdo 
of a glass -mica molding forced Hrom viowderc of glas^ and mica. 
An insulating coating may be provided on ah least A portion of" 
the outer '^arHace of the insulated pipe 3oinU:, This coavin.g 
may be a rL^ih' of po ly to trail uor ou thyl ctia , a resin of diphenyl 
oxid^. Moreover, a protective layer of insulation can be 
proyiaed around at least- a portion of the* insulating costing. 
1?he protective layer joay be an inexpensive material such as 
polyethylene, polypropylene or polyvinyl chlorido. 

Further objects and advantages of the invention will 
appear from the following description taken together with the 
Accompanied drawing a. 

DESCftlVTXOM 0*' TOtg PREFERRED EHUOPrHEKreK 
in accordance, with the invention, there ic provided 
an Bleutrical neating electrode device which is entirely froa of 
the above-raenticmart drawbacks* A preferred embodiment o£ 
the slectr-ode device of the invention vill be described in detail, 
Eiret with rel!orortce to Fig. 2 which shown a cross -sectional 
view or an insulated pipa joint 21 vfhioh is utilized with the 
BlectrodtJ da vies of the invention. 

The pipe joint generally designated 21 in Figure 2 
comprises four basic elements i 

a firat tubular member 22, a second tabular marabar 33, 
a cylindrical sUaeV6-lik& cover member 2$, and an insulating 
mambsr 35. . 

vhe first tubular jr.oAiber 22 compris&c ft cylindrical 
tubular portion 23 with a radially uutvardiy extending flange 
portion 2\ at a lower 6nd a R shown. 

The second tubular member 33 comprised a cylindrical 
Uubxilar portion 30 vith a radially outwardly extending hub portion 
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I 25 ab an upper &y\<l efj siiOvm, The intorior diam&tt?x of tubular 
portion 30 of the suuonrl tubuXax number 33 .is ehov/n identical 
to the interior diameter of tubular portion 23 of the first 
tubular Ttfciobur 22 , 

Hub portion 2!> of thft 2nd tub" 1 fir member 33 is provided 
with an internal annular recess 31 as shown. Huh portion 25 
is also provided with external threads 32 which mate with 
threads 29 .on cover member 29 to be described, 

Slceve-likc cover member 29 comprises u cylindrical, 

10 tubular , drum-like portion 26 with, internal threads. 28 at one. 

lover and as shown in Figure 2 and a radially inwardly extending 
cap portion 27 at the other upper end* As shown* tabular portion 
26 hcLZ a larger internal dizuueter that the external diameter 
o£ £lang© portion 24 of the first tubular member 22 bo ae tD 
provide a gap therebetween to be occupied by insulating member 
3S, Cap portion 27 of cover member 29 hae an internal diameter 
larger than the external diameter of tubular portion 23 of the 
first- tubular member 22 so as to form a <fan therebetween, TIig in- 
ternal diameter of cap portion 27 is smaller than the external 

20 diameter of fianuQ portion 24 of- the first tubular member 22. 

preferably the first tubular member 22 , second tubular 
member 33 and cover member 29 are made .from steel. 

Xnsulating member 35 includes an. ou.ter .circwrf erentlally 
insulating portion 36 which surrounds; exuemal surfaces of 
tubular portion 23 of firat tubular member 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recess 31 of hub portion 25 of the second tubular member 
33. The inner, insulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the Beooiul tubular meiriber 

30 33, ab may be Bfcen, insulating jrtembsr 35 compri&es an integral 
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j m£Aibt>r extending from portion 36 thereof to portion 3? thereof,, 
integral insulating member 35 thus spaces surfaces oK the first 
tubu^ar member 22 from surface* of eecOnd tubular member 33 and 
cover member 29 by a gap occupied as seen in figure 2 hy insulating 
xnemb&r 35. Insulating mp.mbfir 35 insulates first tubular member 
22 from contact with Second tubular member 33 end coyer member 

Wxth cover member 29 screwed down onto second tubular 
mambesr 33 as shown in Figure 2, flange portion 24 of first tubular 
JO member »s encased by insulating member 35 ia sandwiched between 
cover member 73 and the upper end of hub par- 1 ion 25 of the 
second tubular member 33, whereby insulating membBx 35 may form 
a horwatio seal botweon first tubular member 22 and second tubular 
member 33, 

By screwing cover member 29 onto, second tubular 
member 33/ first tubular irtoiubor 22 may be firmly , sealably coupled 
to aecoud tubular member 33 yet insulativeOty isolate**, i^erefrom. 

In assembly, first, tubular portion 22 «<ay be- inserted 
through cover member 29 following which cover member 2? may be 
20 screwed ctnto second tubular portion 33. The insulating member 
35 may be seen to occupy a gap between the first tubular member 
22 and the comb illation Of the second tabular member 3 3 and COVor 
member 29. 

Preferably, the entire insulating member is made of 
a composition of glass and mica and is? formed by a molding pro- 
cess. The inflating member is formed by hoaUing a mixture of 
powders of glass and mica to a sufficiently high temperature 
that tbo mixture become b fluid. Once the mixture is fluid, it 
i* pressure molded Tl&ing a mp.ld of appropriate shape. The for- 
3° raatvon of the insulating member 35 V7i.il be deacirbod In jmorc 
de tail.* 



1 The fir ft i: tubular nierabor 22 and the second tubular 

member 33 are assembled to be positioned as shown 5.u Pig. a eind 
axe then heated to a predetermined temperature. The tvO tabular 
members at the elevated temperature are J*, it ted into a nold. 
Kext, a mixture of glass and micft powders is preimrcd by pre^ 
molding the mixtures into the farm of a preliminary molded member 
of a cylindrical Bhape which Will fit is the gay between the 
tubular portion 23 of tbo first tubular member Ti and cover m&niber 
2$. The preliminary molded Jirembtar is heft tea to a predetermined 
10 temperature ttnd fitted in the gap in a heated condition. Next, 
a pre b dure is applied to the preliminary molded member before 
it COOls to force the material of the EKMSber to 1'lOvr into l:bo 
gap between the fir fit and second tubular members ftod into the? 
internal annular recess il in the second tubular member 33* 

JTor the material of the preliminary molded ntomberr 
45 wt% ot glaea powder prepared by pulverising & glaze used for 
enamel coating steel objects, co/moore tally available : as Product 
Mo. 2312 of Kippcm Ferro, litd., to a size of 2 a 0 mesh uiixad vifch 
55 wtft of mica potfder of synthetic pblogopoite of a size of 
20 6f> to 200 me&h. 5 wtS of water is added to the resultant mixture 
to.vjet it so .it can be tnoldod. 1500 gm d±' the netted mixfcxure 
is molded using a oold pressure maiding process to form a cylin- 
drically shape-d body using a ItVOld (not shown) . Tho preliminary 
molded member was disposed in a drier at 120 n C for two hours 
to dry it prior to its use in forming the insulating member 35* 

Ab described above/ the covbl* Member 2D and the hub 
portion 25 aiTC- joined by screw threads. However r the invention 
is not limited thereto as Uic cover member 29 and the bub por- 
tion 2f> can be joined by gelding. 
50 in an alternate cmbodi.Tnexit , the cap portion 27 of 
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1 the cover member 29 is divided inl:o four quadrants UfO of vhic'n 
axe removed. 'i?he flange portion 24 of the first tubular .member 
22 if; i.bon out such that the remaining £?ait oC the .tlancje portion 
2 A CAh fit through the two removed quadrants o£ tho cap portion 
27 so tbafc the flange portion 24 can be located under the cap por- 
tion 27 uf the cover member 25. 

V/i Uh the insulated p?pn joint described above/ a ten- 
sile force imposed on the ends of tha joint is converted into a 
compressive force which acts between the cap portion 27 and 

to Clause portion 24, Since the compression pl.rength of the insulating 
laerobor 35 of the type described is much greater than its tensile 
strength and since the force por unit area can bo suitably sr-et- 
by adjusting the extent of. the area on which the compressive 
forces arc applied* Lhe resulting assembly is quite strong and 
able> to ^ithtftand high tensile, forces imposed on the ends of the 
joint. 

jVt high toinpcraturefi , for instance 30Q°C, the boat 
resjJ.Etant char ac tori sties of the insula tingr member are primarily 
•determined by the thermal characteristics of the glass laaterial 
7,0 used a? l-he starting material. Particularly, the transition 
temperature of this material is important, if the transition 



30 
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temperature is, for instance, in a range of 550 * fr C to 600 C. 
a high mechanical strength for the overall assembly will be 
preserved to a Lemperature of nt least *00*C* 

Xith aspect to the roslstance to mechanical impact 
forces > the mica powder which is used to form the insulating 
member is composed of particles hairinfc a flat shape where 1* 
the ratio of the diameter to the thickness of « single sc^p. 
particlo is generally in a .range of 30 to 50:1, Due to the 
presence of the seal* particles, the molded insulating rcembor 
has a laminated form thereby providing it vith a liifth elasticity. 
This high elasticity would not "be present if the insulaLing 
membur *ere formed only of glass powders, nuc to the laminate J 
construction, the insulating member is provided with a much 
greater resistance to repeated temperature changes a*d mechanical 
impact forces then is h prior art type of insulating TaemDeT made 

f an inorganic compound, Therefore-, the insulates member 
produced in accordance with the invention is sufficiently strong 
that it can withstand the typical impact forces which arc en- 
countered during the use of the structure, 

iqDXt, the construction of a pre f erred embodiment 
of an. electrode device of the invention utj Using the above- 
doscribed Inflated pipe joint 21 be given vith reference 

to Fig. 3, Reference numerals 1 to 4 used in rig. 3 indicate 
similar components as those of Fig, 1. The righthand half of 
Hi£, 3 shows the completed structure of the insulated pipe joint 
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21. As shown in the figure, the insulating member 2 includes 
+kd insulated pipe joints 21, One end of the insulating member 
2 is connected to the pipe 1 and the other to the electrode 
3. These connect ions may be made? hy wo'U-k'novfl techniquos such 
as wo 1 ding ox by the use of screw threads. 

As, in accordance with the invention, the completed 
insula, tod pipe joint 21 has a common thvoughhole of constant 
internal diameter, the assembly and use thereof Is quite easy. 
For instance, the provision of the above-described partitions 
is quite simple. Of course, marc than two insulated pipe joints 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7f needed, such as in the case JiTine having a high 

salt concentration is used, the outer surface of the insulated 

pipe joint 21 can be covered with a coating 41 of an organic 

substance having a sufficiently high heat resistant property. 

This is shown in the left hand paTt of fa£. 5. Fot example, tlie 

TM 

coating 41 can be formed by shrink fittlrtft a "Teflon M tube. 

As described abova, in accordance with the Invention, 
the pipes and tha otoctrodes arc Connected through the insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe Joints are converted into compression forces vhich act 
between the cap portions and the flange portions thereof. Since 
the compression strength of tho insulating member is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invent ion has h t^uito high mechanical strength and can 
withstand high pressures and strong Mechanical impact forces 
so that it can be yscd under severe operati.ug conditions often 
encountered in oil \fell application. 

Yet further > the coating 41 and the insulating members 
2 and 12 of the electrode can bu formed from other materials. 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance or* various organic 
polymeric compounds to hot water and water vapor at high temperature 
10 and under high pressure. The compounds investigated are listed i?i 
Tablo 1 herein* 

Regarding the tests, test pieces of each of the materials 
were placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 
15 water. The autoclave was held at 2S0°C at an internal pressure 
6fi kg/cm 2 for a period of 10 days* Tub autoclave was then 
cooled to a room temperature and the test pieces vein checked for 
appearance. The results are presented in Table 2 from which it 
can be seen that hot v/ater and steam had a much more adverse affect 
20 than dry heat. Of the materials testDd, only polytetraf luoroethylenc 
resin and diphenyl oxide resin were acceptable. 

A coating of icater. and stoam resistant re3in can bo 
formed ai-ound the pipe 1 by repeatedly applying coatings of the 
material and baking the assembly until the desired thickness is 
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obtained. Also, a coating of the heat -resistant rei.sn can be 
formed by first preparing a tube ol the resin having *ni inside 
diameter slightly larger than the outside diameter o£ tho pipe 
l:.and than slipping the tube over the pipe 1. If the resin 
5 is in the form of a sheet or tape, it nwy be wound directly around 
the pipe 1 -And then fusion-bonded if uecBssary. As described 
above, a hwt-shr ink able tube of polytetraf looroethylcme can 
slipped over the pipe 1 and heated to fit it tightly to the pipe. 
As discussed above, whon the assembly including the 
10 electrode is inserted into the oii mil, there is unavoidable 
cbfituct .with the inner wall of the well so that the heat 
resistant insulating coating may be damaged- To prevent this, 
protective coating of insulation 16 way be formed around the 
insulation IS as shovn in Pig. S. Since the protective coating 
X5 of insulation 16 may melt or collapse if the electrode is 

exposed to hifch temper* tares, it can be made of an inexpensive 
notarial such as polyethylene, polypropylene or polyvinyl chloride. 

Typically the total length of the guide pipe 1 is 
200 to 500 m. However, a single section of the steel pipe that 
20 makes up the fuide pipe 1 is only about 10 m to length, to join 
the pipe sections, each pipe section is provided with a taper 
thread on one end and the pipe sections are joiEied by screwing - 
them together . An insulating coating must also be formed around 
the joined parts of the pipe sections and on the surface of the 
Z5 coupling. To accomplish tMs, as sho*n in Fig. 6, steal pipes 
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li\ *ud lb are covered with the coaUug of heat resistant insulat- 
ing material ISA and 15R arid arc joined by' a coupling IV. A 
coating of heat Tesistant insulation ISC U formed aTound the 
coupling extending into adjacent areas, A beat-shr inkable tube 
5 of a polytetrafluDroethylene is particular] y suitable in this 

ease. 

To protect tha insula ting coatings from direct contact 
with the inner vaJl of the uell, stool pipe sections IA and IB 
covered with the coating of heat resistant insula ting material 
* n ISA and 1SE and protective coatings of insulation 16A and 16B 

are first joined through the coupling 17 > Thereafter , tfjc coupling 
16 is coated with the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as zhoua in Fig, 7. 
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1A and IB are crjv&red with the coaUag of heat resistant insulat- 
ing material ISA and 15R and are joined by* a coupling i?- A 
coating of heat -resistant insulation 15C is formed aTovmrf the 
coupling extending iuto adjacent area.s, A heat-shr inkable tube 

S of a pDlytetrafluoroethylene is particularly suitable in this 

case- 
To protect tha insula ting coatings fro™ direct contact 
vith. the inner vail of the well* stoel pipe sections IA and IB 
covered with the coating of heat resistant insulating material 

l fi ISA and 15 E and protective coatings of insulation 16A and 16B 

are first joined through the coupling 17, Thereafter > the coupling 
16 is coated vith the huat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shot/a in Fig, 7. 
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Table 2 



Sampl e A ppearance 

A OK. 

B " T»Tii£d into a lump, 

C no, 

1> ' Collapsed 

EI OK. 

B2 Dd - 

F Do * 

G ' Tamed into a lump. 

H Glass whitened 

(Resin came sp&xt) 

I Do, 

J Do. 
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WHAT IS CLAlMil) l'S: 

1 t ftn electrode device for electrically heating under- 

ground deposits of hydrocarbons comprising: a plurality of kd11 
pipe sections; an electrode adapted to ho disposed in an under- 
ground deposit of hydrocarbons for supplying an electric current 

5 to said underground deposit; a plurality* of insulated pipe joints 
each including a first tubular member having a flange portion 
at one end thereof, a second tubular member baying a r.ap jot t ion 
at otic end thereof adapted to be received in 53 id flange portion 
of said first, tubular member tfith a ga^ therebetween, and an 

10 insulating member disposed in said gap between said f 1 an gR/ por- 
tion and said cap portion for hermetically coupling said first 
and -iotond tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe joints being operatively disposed to couple at least some 

IS i>f said pipe sections and said electrode tflrile electrically 
insulating said at least some of said pipe sections and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode* 

2. The electrode device as sot forth in claim 1 wherein 
at least some of said insulated pipe joints are interconnected. 

3. the electrode device as set forth in claim 1 k'hei'eiii 
said inflating member of each .of said insulated pipo joints 
comprises a first insulating portion disposed in said gap between 
said flange portion and said cap portion, and second insulating 



- 23 - 



1168283 



portions disposed adjacent inner and outer surfaces of said 
tabular members > said first and second insulating portions 
being formed integrally with each other. 

4. 'flic electrode device as set forth in claim 1 therein 

said insulating member of o*ch of said insulated pipe joints 
is made of a glass -mica molding forced from glass and mica 
poi/dCrS > 

Tha eUctrodo device as set forth in clains 1 further 
comprising an insulating coating profiled op at least a portion 
of a.n outer surface of said insulated pipe joints. 

6. The electrode dovico hs set forth in claim S. wherein 
said insulating coating is-poIytetTftfliiorDuthplcfte , 

7, The- electrode device as set forth in clalJh 6 wheruin 
said insulating coating comprises a resin of thermally shrinkable 
polytetrafluoroethylene. 

r. The electrode dovice as set forth in claim 5 vjh&roin 

said insulating coating comprises a resin of dipbenyl oxide. 
9, *rhe electrode device as set forth in any of claims 5-7 

further comprising a protective layer of insulation .upon; at : 
least a portion of said insulating coating. 

lQ t the electrode devicD as set forth in any of claims £-7 

further comprising a protective layer of insulation upon at 
least a portion of *aid insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene, poiypro^ylene and polyvinyl chloride. 
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11, An ciftctrodo c3ov.u:r for uloctr Realty h^atinLj under- 

ground deposits of. hydrocarbons cOiOprioitvwj a plurality of inter- 
connected wftll pipe sect.ionB, *n eioetrodfi ^dupted to bo disposed 
in aii underground deposit of hydrocarbons supplying electric 
current to said underground deposit r at least one insulated pips 
joint including ci first txibuUr member comprised o£ a well pipe 
section having u flamjC portion at one did tbeveof , u second tubu- 
lar member cOjnpr jt^:^<3 of. said electrode deposed in uligntUOtlt 
with said firfct tubular number, vt cover member carried by &af.d 
BRcond tubular member having d cup portion Fit one end thareoi 
disposed in overlying relation to amid flange .portion above Sftid 
firgt tubular indinb&r with a gap therebetween, an insulating member 
disposed in £ald gap betwp.en said flange portion and said cap 
portion for hermetically coupling said ffrst arid second tubular 
member and for el&ctrlcally inBulating said first and second 
tabular member £s from one another, cable means connected to said 
electrode for supplying an electric current to said electrode and 
an Insulating coating provided on *t leaot an outer surface of 
*;ald .tneulating pipe ^oiat* 
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